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in a quantitative determination of this particular property, thermal shock may be 
defined as the maximum sudden change in temperature that can be withstood by 
an infinite flat plate without fracture. 


THERMAL CONDITIONS IN PIPING 


In many practical cases of a long tube carrying a hot liquid and being cooled at 
the outer periphery, the temperature distribution can be established by evaluating 
heat balance across all the elemental rings of the cylinder. 

When the amount of heat flow is specified, the temperature differential across 
the tube wall is 
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where R Q and Q denote the outer and inner tube radii, respectively, and Q is the 
quantity of heat that must be conducted per unit length of tube. In terms of the 
stress parameters applicable to tubular members, the thermal stress index can be 
stated as follows: 
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This formula is useful in comparing brittle materials, and Eq. (17.6) shows that the 
material with the highest value of the thermal stress index will be able to withstand 
the highest amount of heat flow. 


THERMAL STRESS FATIGUE 

The brief discussion of the basic parameters given above applies to conventional 
thermal stresses and thermal shock conditions. The thermal stress fatigue, although 
similar to a conventional mechanical fatigue, involves a number of differences, which 
can be summarized as follows: 

1. Plastic thermal strains tend to concentrate in the hottest regions of the body. 

2. Accumulation of strain in thermal stress fatigue is localized. 

3. Temperature cycling can have important effects on the material even without 
the mechanical fatigue loading. 

4. Temperature and mechanical strains create superimposed effects and make 
it difficult to use low-cycle mechanical fatigue tests for the interpretation of 
thermal stress fatigue. 

5. Tests indicate that for the same magnitude of total strain, thermal stress 
fatigue life can be markedly lower than the corresponding conventional life 
in mechanical fatigue. 



